Due to economical and political trends, in the Netherlands the electricity produced by distributed generation units has increased significantly. From 2004 on in the Stedin area, three large greenhouse areas have been developed. In each greenhouse a CHP-plant is installed and as a DSO Stedin saw the number of new CHP-plant connections in its MV grid increasing. Legal rules oblige Stedin to connect CHP-plants in a much shorter time frame than normal project times for necessary grid extensions. This leads to a major grid planning problem, especially when a grid extension of the transmission grid is involved.
INTRODUCTION
Today's power systems are undergoing major changes. These changes are driven by both economical and environmental issues such as liberalization of energy markets, unbundling of utilities and an increase use of renewable energy sources. Based on the European policy that by the year 2020 20% of the total consumed electrical energy is generated by renewable and distributed energy resources, it is expected that the amount of small generation units further increases.
In the Netherlands the growth of distributed generation (DG) mainly consists of small Combined Heat and Power-plants (CHP) and wind turbines. Local government has designated rural areas where horticultural activities can be developed. In these areas greenhouses are built and today each greenhouse contains a CHP-plant. The CHP-plant produces heat and CO 2 which is used in the greenhouse and electricity which is sold to the market. Because of the clustering of horticultural activities the CHP-plants are clustered as well which leads to a high penetration level of CHP-plants in the local Medium Voltage grid (MV-grid).
DG in the Netherlands
In the Netherlands the growth of distributed generation (DG) mainly consists of small Combined Heat and Power-plants (CHP) and wind turbines. In the early nineties local energy companies installed CHP-plants in the greenhouses [1] . These CHP-plants were mainly heat driven and the generated electricity was used for loss compensation and peak-shaving. Halfway the nineties the flue gas scrubber entered and CHP-plants start producing CO 2 as well. Due to the liberalization various energy markets were established. Because of the rising energy prices it became more and more interesting to produce heat and CO 2 in combination with electricity. While conventional power plants have an average efficiency of ± 40%, CHP-plants can have a total efficiency up to 80% [2] .
In 2004 an exemption of energy tax for the purchase of natural gas for the benefit of CHP-plants is introduced as well as a subsidy for the saved CO 2 -emissions. Furthermore the CHP-plants are connected to the MV-grid and it is assumed that the local generated energy is consumed in the local MV-grid. Hence local power generation and consumption reduces the grid losses in the transmission grid and a compensation for the saved grid losses is paid.
As a result of these financial stimuli, applying CHP-plants lead to a further cost reduction which has lead to an enormous increase of small CHP-plants. In figure 1 an overview of development of CHPplants in the horticultural sector in the Netherlands is given [3] . It can be seen clearly that the last couple of years the total installed power has more than doubled. 9  6  1  9  9  8  2  0  0  0  2  0  0  2  2  0  0  4  2  0  0  6  2  0  0  8  Y  e  a  r   I  n  s  t 
Problem definition
Stedin is a local distribution system operator (DSO) in the Netherlands. At some locations in the Stedin area greenhouse areas are developed or will be developed in the near future. Due to the legal and regulatory framework Stedin is obliged to connect those who have requested for a connection of a CHP-plant within 18 weeks. The capacity of the current MV-grids in these areas is not sufficient to connect a large amount of CHP-plants. Hence grid reinforcements and extension of existing substations as well as building new substations is necessary. Because of the development of several of these areas at the same time also congestion in the local transmission grid occurs. This means that the transmission system operator (TSO) has to reinforce the grid as well. In figure 2 an overview of the average project time of the various parties is shown. It shows the difference in project time of the various parties which can lead to major planning issues. To mitigate these planning issues pro-active grid planning of both DSO and TSO is necessary. In this paper the challenges Stedin has encountered during the grid planning stage in those areas are discussed. This will be illustrated with three existing case studies. 
INTRODUCTION OF THE CASES AND PROJECT APPROACHES
In the problem definition it is stated that development of areas including a high share of DG can lead to planning issues due to different realisation times of various grid reinforcements. To handle these planning-issues and still comply with legal and regulatory framework various approaches are possible.
1. Reducing the project time of the TSO and DSO substation planning and realisation. This approach is most promising for the planning of new high voltage (HV)-substations. Reduction of project-time can be achieved by applying standard components, omitting substation buildings and applying prefabricated buildings.
2. Elimination or deferral of the need for a TSO-substation by connection of DG to the local MV-grid and accept bi-directional power flows. This option leads to major investments in connection rather than in substations. Solutions are restricted by fault level, protection issues and power quality 3. Grid-planning based on a better prediction of DG development. In this option there is a need to define scenarios. Per scenario network expansion plans have to be developed. With the aid of decision-making tools an optimal expansion plan is chosen
In this paper three existing case studies will be discussed which deal with the development of distribution grids in greenhouse areas. In the case-studies it will be demonstrated how the discussed options for project-time reduction are applied. Per case study the advantages and disadvantages are considered.
CASE 1 DEVELOPMENT OF GREENHOUSE-AREA 'TINTE'
In the 2004 zoning plan of the province of Zuid Holland an area of 420 hectare near the south of Rotterdam has been designated where the greenhouse-activities can be intensified. At that time only a small number of greenhouses were present and CHP-plants were not installed. Moreover, due to the low energy density the MV-grid which covered the area had a small capacity. However, in this area the first requests for a connection were connected to the existing 10 kV grid. Because of the very limited capacity of the MV-grid, major grid expansions are necessary.
After completion of the development of the greenhouse area in total 49 entrepreneurs are settled with a net area of greenhouses of 98 hectare. In each greenhouse a CHP-plant is installed and at this moment the total installed power in the area is 95 MVA. The complete area is developed in a period of three years.
Challenges during development of the greenhouse area 'Tinte'
During the development of the greenhouse-area Stedin received much requests simultaneously. To accept all these requests with a connection the necessary grid expansions are such that the available space for cable-trenches for the 10 kV cable routes is not sufficient. Besides the capacity of the distribution grid the capacity of the available substations is also insufficient. Therefore in the area a new substation have to be built. The total amount of generated power is such that the substation has to be connected to the transmission grid. Now Stedin has encountered two challenges:
1. The local distribution grid substations are operated at 10 kV and have limited capacity. 2. In the area no transmission grid substation is available.
To cope with the available space for the cable routes and meet the total required capacity of the MVfeeders, it is decided to increase the distribution grid voltage. The cables used in the MV-grid have a voltage rating of 12/20 kV hence the MV-grid can be converted to a MV-grid operated at 23 kV. For the CHP-plants already connected to the 10 kV MV-grid additional step-up transformers are installed.
Conventional grid expansions take to much time with respect to the grid operators obligations of the legal and regulatory framework. As discussed in the previous section the project time can be reduced by applying standard components and reduce or omit substation buildings.
An overhead line of the transmission grid runs through the area and to solve the lack of a transmission grid substation the overhead line is branched-off. These branches are connected to the high-voltage side of a 150/50/23 kV transformers. The low-voltage side of the transformer is connected via a fork layout to the 23 kV-substation. For this case in figure 3 a single line diagram and in figure 4 is the construction of the branch-off of the overhead line is shown. To reduce the project time the implemented branch-off of the overhead line consists of a GIS-coupling built in a prefabricated container. Per branch-off a container is placed. The medium voltage switchgear of the 23 kV-substation is also built in a container. The project time is significant reduced by applying modular solutions such as switchgear built in a container. In figure 5 an overview of the containers is shown. The two inner containers contain the GIS-coupling to the overhead line and the two outer containers contain the medium voltage switchgear. In figure 6 it is shown that a simple shed is built around the containers so that the substation merges with the local surrounding. During the project several critical planning issues were encountered. The complete execution time of the project was dominated by the permitting. To build the substation at the selected location zoning plans had to be changed. The procedure for zoning plan changes took 40 weeks and was on the critical path of the project. Selecting and ordering of components is independent of the permits and has done in an early stage of the project. The project time is reduced significantly after receiving the permits. The placements of the containers including the switchgear save an enormous amount of time in comparison with building a traditional substation. In a traditional substation the building has to be completed first before the switchgear can be placed. With this approach the total project is completed in two years.
CASE 2 DEVELOPMENT OF THE GREENHOUSE AREA 'OOSTLAND I'
In the semi-rural area north of Rotterdam the number of greenhouses has increased over de last ten years. Originally this area was a mix of small villages and agricultural land. Local authorities have decided to convert the agricultural land to horticultural land which has led to an increasing number of greenhouses. Rural planning allows for a total of 1400 hectare of greenhouses to be developed. Besides the increasing number of greenhouses the villages in this area also start to develop new residential areas. Initially the local energy demand in the agricultural area was rather low and the MVgrid had a small capacity. Due to the developments of the greenhouses and the residential areas the MV-grid has been expanded the last ten years.
In accordance with the increasing number of greenhouses the number of CHP-plants also started to increase. Because the CHP-plants only supplied the base load of some greenhouses, they could easily be integrated in the expanded MV-grid without causing unacceptable power flows. An overview of the MV-grid is given in figure 7a . In this figure the 25 kV main intake station is connected via 150/25 kV transformers to the transmission grid. At the beginning of 2006 the total number of installed CHPplants has increased to 50 with a total capacity of 70 MVA.
In 2006 the greenhouse area has been further developed and the number of requests for a connection of a CHP-plant increased fast. At the same time the size of the CHP-plants also increased. At the beginning of 2007 the total number of requests for a connection of a CHP-plant reached 61 with a total capacity of 126 MVA. The existing MV-grid available in that period was designed to supply a total load of 180 MVA hence most of the CHP-plants could be integrated in the MV-grid without a major increase of the existing grid capacity. In figure 7b an overview of the MV-grid after completion of this phase is shown. During day time energy prices are high and the CHP-plants supplies the local load of the small towns and villages in the local area. During night time the energy prices are low and most of the CHP-plants are switched-off. Incidentally during night times energy is injected in the transmission grid. By integrating the CHP-plants and cover the local load of the area, the need for a major upgrade of the transmission grid and HV-substations is avoided. The necessary grid expansion consists of the exchange of 13 MVA transformers by 22 MVA transformers, in some substations an addition of a 22 MVA transformer and an extension of the available 25kV and 10 kV cable connections. In total eleven HV/MV-transformers transformers and 550 kilometre of (single phase) MV-cable were needed. In figure 8 an impression of the available space for the cable-routing is shown. Main Intake Station
In this case it is shown that the project time is managed by avoiding investments and extensions of the transmission grid. However, avoiding these investments also have some consequences:
1. Installation of a large number of cable-routes 2. Increasing fault level in the local 10 kV grid
The fault level is controlled by operating the MV-substations with open bus-couplers in stead of closed bus-couplers. As a result the supervisory and control circuits had to be expanded and automatic change-over had to be installed. Making use of the available grid-infrastructure and load as well as the decision to invest in the sub-transmission and MV-grid, all CHP-plants are connected within two years.
CASE 3 DEVELOPMENT OF GREENHOUSE AREA 'OOSTLAND II'
During the construction of the grid expansion discussed in case 2 a new greenhouse area next to Oostland I has come into development. In 2008 for this area Stedin has received 52 requests for connection of a CHP-plant with a total power of 130 MVA. During the grid planning stage it was obvious that integration of this amount of CHP-plants affects the transmission grid. To cope with the long project time for the TSO-substation planning a predictive-based grid planning study has been carried out. In cooperation with the area management group of the sales department future trends of the development of CHP-plants in the greenhouse area is studied. A first series of market surveys indicated a rapid further growth of CHP-plants. Because the prediction horizon of the market survey is limited and smaller than the TSO-planning window, additional prediction of CHP-plant development is needed. Therefore Stedin has used a methodology, developed in cooperation with KEMA [4] , which breaks down the planning process into seven steps. In figure 9 an overview of the steps is given.
Fig. 9 General decision process
The major steps in this methodology include:
1. Problem definition with boundary conditions and evaluation function 2. Scenario development of external variables 3. Generate different solutions to the problem given different scenarios 4. Evaluate solutions in relation to boundary conditions 5. Choose optimal solution(s) using the target function
In this case the problem is how to provide sufficient transport capacity for many CHPplants in the area. Boundary conditions are conditions which can restrict the possible solutions. Acceptable realization time and grid operation constraints were the most important boundary conditions. For the target functions minimum project cost and minimum project time to obtain sufficient grid capacity were used.
For this case four scenarios were developed up to the year 2020 based on expert-knowledge, technical and economical developments and rural planning aspects. For the different scenarios the maximum CHP-plant power varies between 160 MVA and 945 MVA in the year 2015. In figure 10 the developed scenarios are shown. With the aid of these scenarios bottlenecks in current MV-grids and transmission grids can be recognized. For each bottleneck in each scenario alternative grid designs are generated. These alternatives are generated in such a way that the expected growth of CHP-plants in each scenario is covered. To simplify the design process, each alternative is split in three levels:
1. Level 1: Impact on the transmission grid 2. Level 2: Impact on the sub-transmission grid 3. Level 3: Physical connection of the CHP-plants to the MV-grid
Per level alternative grid designs are developed which are checked with the boundary conditions. Two grid designs at level 1 emerged from this process. In figure 11 these grid designs are shown for the highest scenario:
1. The capacity of substation 2 and 9 is used to connect CHP-plants up to minimum load without export. The CHP-plants of the Oostland I project are already connected to Substation 6 and this substation has to be extended. In 2013 one new TSO-substation has to be in operation. 2. The capacity of substation 2 and 9 is used to connect CHP-plants up to minimum load without export. Besides that substation 5 and 6 have to be extended. At a different location then in alternative 1 in 2013 two new TSO-substation have to be in operation Design 1 needs a supplement for the highest scenario while design 2 is sufficient for all scenarios. At level 2 only one principal alternative emerged which met the legal obligations. The existing 10 kV MV-grid will be extended and a new 23 kV grid will be built. Of course, the cable routes differ according to the choise of the level 1 solution.
At level 3 both alternatives are the same, since only the location of the CHP-plants and the applied voltage level of the MV-grid determine the length and type of the connection.
The final step in the process is the choice of the optimal solution. For each scenario and each alternative the project costs are calculated. Moreover the chance of occurrence for each scenario is determined. Combining the project costs with the chance of occurrence of each scenario yields to the weighted average expected costs. This analysis has shown that alternative 2 lead to the lowest investment costs. For both alternatives the connection time of the CHP-plants is the same hence according to the defined target function alternative 2 is chosen.
In this case the biggest challenge for the grid operator is to formulate various realistic scenarios and assessing what scenario will be followed. Moreover to complete the DSO substations in time the grid operator have to invest in advance. In this case for all scenarios the steps are more or less the same. Only the number of substations and completion period differs. Building DSO substations can be easily postponed when deviating of a scenario. The greatest remaining risk is to construct a cable connection in advance. There is a possibility to lay the cable in the wrong direction.
A drawback of this approach is the long study time needed to formulate realistic scenarios. Besides this drawback it is found out that taking a decision based on scenarios and chances of occurrence lead to uncertainties by decision makers which are hard to overcome.
CONCLUSIONS
Because of the development of horticultural areas the number of CHP-plants has grown fast the last couple of years. To provide all applicants a connection to the local MV-grid and make all power flows possible the grid operator has to develop the grid in a proactive way. Due to the fast developments of the horticultural areas on the one hand and on the other hand the long realization period for transmission grid project, feasible grid development at MV-level is mainly determined by the TSO substation extension.
In this paper it is demonstrated that different approaches are possible to cope with the long project time of the TSO-substation extension and still meet the legal period for a connection of CHP-plants.
The approaches strongly depend on the local situation in the MV-grid. It is shown that project time can be reduced by applying standardized components and modular solutions of the substation. However, the benefit of project time reduction starts after completion of the permit procedure.
For areas where a large amount of DG will be developed and extension of the transmission grid and substations is inevitable the scenario based approach offers a possibility to develop the grid in a proactive way. With the aid of scenarios future bottlenecks can be assessed. To solve these bottlenecks alternative grid designs have been defined and for each scenario a step-by-step plan is established. After completion of the study for all involved parties it is clear what steps have to be taken and the TSO-grid planning can start in an early stage.
